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APPENDI X D
THERVAL DESORPTI ON PREDESI GN

1. Predesign. The site investigations and deci sion nmaking
process to render a decision regarding the choice for
treatment should be conpleted prior to predesign. Further
eval uations may be necessary to validate the decisions and to
quantify the treatnent criteria for the renedi ati on contract.
O her gui dance docunents address the RI/FS process.

2. Technol ogy Evaluation. |Information regarding site
characterization, devel opnent of renediation goals, and
choosing an alternative can be found in EM 1110-2-502, CEGS
02288, CEGS 02445, EM 1110-3-176, Cooper and Alley,

Cross/ Tessitore and Associ ates, and John Pinnion. The site
investigation and feasibility study are essential in

determ ning the appropriate technology to renediate the site.
The first step in the process of investigating the site is to
review all records of operating procedure and di sposal
practices. A summary of existing site-specific and |ocal
environnental information should be prepared. The | ocal
information will be used to evaluate surface, subsurface, and
at nospheri c pathways for contam nant mgration and risk to
receptors. The regional information would al so help establish
background conditi ons which could be hel pful in deriving
remedi ation goals for the site.

Once the data has been coll ected and conpiled, the second
step in the site investigation process is to develop a plan to
identify the potential constituents of concern and site
investigation activities. Depending upon the |evel of
understanding of the site, the followwing is a list of
activities which are typically included in a site
i nvesti gati on.

o Safety and Health Pl an;

° Sanpling and Anal ysis Pl an;

o Non intrusive geophysical investigations;

° Sanpl i ng and environnmental anal yses;

° Soil and water (groundwater and surface water)
sanpling and environnental anal yses onsite, up
gradient of the site, and down gradient of the site;

o Air nonitoring and sanpling and environnental
anal yses;

° Wat er table neasurenments and aquifer
characteristics;

° Unsat ur at ed subsurface soil characterization

° Ecol ogi cal reconnai ssance and i npact studies; and
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° Basel i ne ri sk assessnment and contam nant fate and
transport nodeling.

The ultimate goal of the site investigation is to
characterize the nature and extent of site contam nation

The next step in the site investigation process is to
determ ne through a feasibility study the nost appropriate
remedi ation option for the site. The renediation can be as
sinple as installing institutional controls or as conplex as
excavation, treatnent, and disposal of contam nated nedi a.
The technol ogy used to renedi ate the site is dependent upon
remedi ati on goals devel oped for the site. Renediation goals
are typically derived fromthe information presented in the
baseline risk assessnent and/or based on established cl eanup
standards and gui del i nes.

There are generally three phases involved in devel opi ng
wast e managenent option (renmediation) during the feasibility
st udy process:

o I dentification of innovative/alternative
t echnol ogi es;

° Identification of all technol ogi es which can
treat/di spose of the waste stream

o Devel opnent of alternatives for site renmediation (it
shoul d be noted that an alternative will include al
measures and phases required to renediate the site);

° Detail ed evaluation of the alternatives with respect

to effectiveness, inplenentability, and cost.

When conpl eting an eval uati on under Superfund regul ati ons
the effectiveness evaluation is expanded to include the
consideration of the followng RI/FS criteria:

° Over all protection to human health and the
envi ronnent ;

° Conpliance with all applicable or relevant and
appropriate regul ati ons;

° Long-term effectiveness of the renediation;

° Reduction of toxicity, nobility, and volume of waste
t hrough treatnent; and

° Short term effectiveness.

The remaining RI/FS criteria are not gernmane to an
"effectiveness" consideration. The design team needs to focus
on the five criteria during the effectiveness evaluation. The
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ultimate goal of this evaluation is to select an alternative
which will cost effectively renmediate the site while being
protective of human health and the environnent.

3. Evaluation of Site Characterization Data. Once the site
investigation and feasibility study has been conpl eted, the
engi neer must review the data presented in the study to
identify any the data gaps. This is a critical step in the
process since typically 4-5 years nay pass between the
conpletion of the remedial investigation and the start of the
design process. It is the responsibility of the design team
to fill the data gaps in the predesign phase.

3.1 Review. The design team should endeavor to conduct an
objective review of the data. |In the event the eval uator
determ nes that a thernmal desorber would be unable to achieve
the renedi ati on goals, additional data would need to be
gathered in order to determ ne an appropri ate nanagenent
option. Table D-1 is a summary of the m ni num physical and
chem cal data needed for the screening of thermal desorption.

3.1.1 Site Geology. Inportant geol ogical characteristics to
review are the soil classification, noisture content, and
contanmi nant concentration in the soil. As discussed in

Appendi x C, waste up to 5 cm (2 inches) in dianmeter can be
processed in a thermal desorber. Soil characteristics which
may adversely inpact the performance of a thermal desorption
system i ncl ude the foll ow ng:

o Hi gh percent of clay or silts: results in high
| evel s of fugitive dust em ssions during handling.
This includes soils which have a hi gh percentage of
fines which pass through the No. 200 sieve (75
m cron size);

o Tightly aggregated soil: resulting in inconplete
vol atilization of contam nants fromthe soil

o Rock soil or Jacial till: Rocks fragnents interfere
W th processing;
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TABLE D-1

Physi cal
to Screen Ther mal

and Cheni cal

Dat a Requi red
Desorption System

Par anmet er

BTU I b (Heat Content)

Met hod
ASTM D240- 85

Ash ASTM D2974
Halides (C, Br, F) 300.0

Sul f ur 300.0
Moi st ur e Cont ent ASTM D2216- 80
Nitrogen, Nitrates & Nitrite-N 353. 2
Phosphor us 365. 3

pH

SW 846 90451 150. 1/ ASTM D4972

Gain Size (soil
cl assification)

ASTM D422M

Sieve (particle classification)

ASTM D2488- 84

Total Organic Carbon

SW 846 Met hod 9060/ 415. 1

TCLP

SW 846 Met hods 1311, (3015,
3051, 6010, 7470, 7471, for
Met al s) 8260, for volatiles
3550, 3510A, 8270 for

sem vol ati |l es

Ignitability

101D (fl ashpoi nt, Pensl ey-
Martens) or 1020 (Setafl ash,
Cl osed Cup)

Reactivity, Cyanide & Sulfide

9010 and 9030

Corrosivity

9040/ 9045 or
Met hod)

1110 (Coupon

Atterberg Limts/(Plasticity)

ASTM D 4318- 84

Source: ASTM 1994. Annua
ASTM Phi | adel phi a, PA

Book of ASTM St andar ds,

1994,

Col unmbi a Anal ytical Services, Inc., 1993. Colunbia Anal yti cal
Services, Inc. (CAS).
Price List effective March 5, 1993. Anchorage, AK
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° H gh noi sture content: As discussed in Appendi x C,
there is a high energy input required to volatilize
wat er. Dewatering may be required; and

o High plasticity: Materials can stick to the
screeni ng and conveyi ng equi pnrent. Cays, for
exanple, are difficult to screen crush and wll
stick to thermal desorption equipnent. Cays can
also renmold into large particles. Materials with a
liquid index greater than one can not be processed
in a thermal desorber w thout pretreatnent (EPA,
1994) .

USACE Techni cal Manual Soils and Geol ogy Procedures for
Foundati on Design of Buildings and O her Structures TM 5-818-1
provi des additional information about soils and geol ogy
concer ns.

3.1.2 Site Hydrogeology. The hydrogeol ogi c conditions which
can adversely inpact a thermal desorption remnmedi ati on process
i ncl ude the foll ow ng:

° Hi gh water table or seasonal fluctuations of the
wat er tabl e;

° Subsurface clay | enses which can perch water or non-
aqueous phase |i qui ds;

° Karst terrain solution channels that can hold

pockets of non-aqueous phase |i quid.

These factors adversely inpact the excavation and nateri al
handling of the soil. Wth any of the above conditions, the
noi sture content will generally be greater than normal (normal
is considered to be 20% noi sture). Pockets of non-aqueous
phase liquids also can significantly increase the
concentration of contamnant in the soil.

3.1.3 Contam nation. Contam nants that have been desorbed
and the theoretical vaporization tenperature range of each are
presented in Figure D-1. Table C 3 presented physical and

chem cal characteristics for chemcals listed in Figure D1
Cont am nated soils which are anenable to thermal desorption
treatnment include fine grained soils such as silts and

cl ays, peat and nost coarse grai ned sands. Coarse soils
consisting of gravels are not anenable to treatnment w thout
prior crushing.
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3.1.4 Buried Mterials. Excavation of buried materials (such
as liners and covers fromold landfills) is largely a
materials handling issue. Prior to screening of soils, large
debris such as rubber tires, car parts, foundations pieces
woul d have to be separated fromsnaller debris in a separate
staging area. 40 CFR 268.3, defines debris as solid materi al
exceeding a 60 mm particle size that has been manufactured, or

plant, or animal matter, or a natural geologic material. The
| arge debris woul d be washed and, if necessary, haul ed off
site for disposal. Waste water would be collected and treated

at the site wastewater treatnent plant. Debris is considered
to be hazardous waste if it exhibits toxicity characteristic
for one or nore of the constituents subject to U S. EPA RCRA
TCLP standards, or if it has been mxed with |isted hazardous
waste, or if listed hazardous waste is contained in the
debri s.

3.2 Supplenental Site Investigation. |In situations where
additional information is required to either better understand
site characteristics or further delineate site contam nation
suppl enental site investigations may be necessary. This is
particularly true if there has been a |ong period of tine

bet ween the renedi ation investigation and the start of the
design and/or if additional physical or chem cal paraneters
need to be collected to confirmthe thermal treatnent option.
Anal ytical data on netals is sonetines inaccurate for sites
where the primary enphasis has been on organi c contam nation
Suppl enental investigation activities generally fall into

t hree categori es:

° | dentification and delineation of contan nated areas
and depth of contam nation;

° Addi ti onal characterization of contam nated materi al
to establish performance criteria for therma
desorption; and

° Addi tional characterization of the site and
contam nated material for characteristics which
could interfere with, inpede or reduce the
ef fecti veness of thermal desorption renedi ation.

3.2.1 ldentification of Supplenental |Investigation
Activities. The need for supplenental sanpling and anal ysis
wi || depend upon the data derived fromthe site investigation.
| f further delineation of the site wastes is required,
sanpling activities may include the foll ow ng:

° Sanpling to further delineate the aerial extent of
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contam nation and establish the limts of the renediation
area. Field screening can be used as a prelimnary screen for
contam nation. A sanpling grid or identification of hot spots
is devel oped to determ ne where to coll ect environnental
sanples. The sanples are generally collected at predeterm ned
intervals until renediation goals are net.

° Sanpling to determ ne the depth of contam nation
Soi |l sampl es can be collected fromsoil borings or
test pits to ascertain contam nation depths in the
remedi ati on area. Sanples are collected at regul ar
and at various depths intervals until renediation
goals are net or the water table is encountered
(since contam nation below the water table is
general ly considered a groundwater renediation
i ssue).

| f additional characterization of the contam nated materi al
i's needed, sanpling activities will include collection of
contam nated material sanples to test for physical properties
(rmoi sture, grain size anal yses, percent fines, etc.).
Sufficient volume of representative soil sanples, m ninmm
twenty liters (five gallons), are generally coll ected using
trowel s and augers and are conposited into a plastic |ined 20
liter (5 gal.) pail.

3.2.2 Review of Analytical Data. Data are reviewed with
regard to conpl eteness of the package and conpliance with the
speci fi ed net hodol ogy. Care should be taken to note al

met hod detection limts and to establish renediation
requirenents for the conparison. Sone regulated sites have
had renedi ati on goals identified which were bel ow the net hod
detection limt. |If this occurs, the EPA should be contacted
to verify the method and detection limts and to discuss

i npl enentation of the remedi ation goals. Evaluations are
performed according to project specific protocols contained in
the Quality Assurance Project Plan (QAPP) incorporating the
accepted anal ytical nethods and produced in accordance with ER
1110- 1- 263 Chem cal Data Quality Managenent for Hazardous
Wast e Renedial Activities.

3.2.3 Renediation Quantities Delineation and Estimates.
Renedi ati on quantities can be estimated by either using CADD
or by hand cal cul ati ons.

° Concentrations of the constituents of concern are
plotted on a site plan. It is best to plot
constituent concentrations for sanples taken at the
sanme dept h.
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° Concentrations on the site plan are conpared with
the renedi ati on goal s.
° Sanpl e | ocations whi ch exceeded the renedi ati on goal
are mar ked.
° Sanpl e | ocations which are equal to and bel ow t he

remedi ati on goal are narked.

° The perineter of the renmediation site ,is
establ i shed by establishing points hal fway between
| ocati ons above and those bel ow the renedi ation
goal .

° Lines that join the points to form boxes encl ose
areas that exceed the renedi ation goal. Sanples
t hat equal the renediation goal should fall near
the |ines.

Prof essional judgenent will need to be exercised in areas
of uncertainty. Once the areas have been encl osed, cal cul ate
the area requiring renediation. Miltiply the area by the
depth to obtain volunes for renediation. The volune is
converted to tonnage by nultiplying volune by the bul k density
of the soil only when required for calculation. The materi al
to be treated is defined by |ocation.

Cenerally, classes of conmpounds are sunmarized by a single
point. For exanple, when trying to determ ne the renediation
area for pol ynucl ear aromati c hydrocarbons, the toxic
equi val ent (devel oped in the risk assessnent) of all the
pol yaromati ¢ hydrocarbons is represented by a single nunber
which is conpared to the renediation goal. Once a
suppl enmental investigation is conpleted and the site has been
del i neat ed, excavation quantities can be cal cul ated by using
CADD progranms. USACE Standards Manual for U S. Arny Corps of
Engi neers Conputer Ai ded Design and Drafting (USACE CADD)
provi des standards and procedures for use with CADD
applications (EM 1110-1-1807).

In addition to using CADD applications and/or hand
cal cul ations, renedi ation quantities and excavation vol unme
estimates can be determ ned using geostatistics coupled with
t hree-di nensi onal data analysis. Geostatistics applications
use nmeasurenents from one subsurface |ocation to estimate the
val ue at anot her sanpl ed subsurface |ocation. The correlation
of two or nore data |l ocation points is represented by a
vari ogram (an equation of the graph of the expected square
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error of an estimate versus distance and direction). After
definition of a variogram a technique called kriging is used
to estimate val ues at unsanpl ed | ocations to produce a map of
the sanpled variable. The variables used in this type of
geostatistical analysis include concentrations of constituents
of concern and depth. Software packages are avail abl e which
conbi ne geostatistical analysis, variography and kriging for
excavation esti mates.

4. ldentification of Data Gaps. Treatability studies are
typically based upon a prelimnary evaluation of soil/sedi nent
technol ogi es. The deci sion process used during the
prelimnary eval uation of technologies to determ ne the need
for treatability studies consists of the foll ow ng steps:

° Consi der site characterization data gaps;

o Determine if the existing site data or literature is
sufficient to evaluate the technol ogy in detail;

o Determine if the site-specific data in conjunction
with the available information on the technology is
sufficient to determ ne the performance, operating
paraneters, and relative cost of the renedi al
t echnol ogy; and

° Determine if atreatability study wll reduce the
uncertainty or risk of the use of a given technol ogy
to an acceptable | evel so that the best possible
remedy can be sel ect ed.

Uncertainties associated with the applicability of therma
desorption include:

° The ability of the technology to reach the site-
specific cleanup | evels;

° Tenperatures and solids retention tinmes required to
adequately treat the soils, and the energy
requirenents to hold and mai ntain these conditions;

o The inmpact of fine silts in the soils on the ability
of the technology to adequately treat the soils;

° The noi sture content of the waste;

° Renoval of and potential em ssions control

requi renents for netals;
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° | npacts of high concentrations of PAHin the soils
on the adequacy of treatnent; and
° Because sone thermal desorption technol ogies are

non-destructive, the characteristics of the
residual s, and subsequent managenent requirenents,
are uncertain.

Metals will not be adequately treated by thernma
desorption. The thermal desorption process could alter the
condition of the treated soils (e.g., concentrate netals) and
possibly require the inplenentation of netals control
technol ogi es, such as stabilization of residuals.

5. Recommendations for Treatability Studies. Prior to the
sel ection of thermal desorption as a renediation technol ogy,
treatability studies are required for the foll ow ng reasons:
to ensure that a selected treatnent technology is applicable
for waste characteristics; to ensure that cleanup goals can be
obtai ned, and to provide data which supports the selection and
i npl enentation of the remedial alternative. |nplenentation of
treatability studies for thernmal desorption applications
addresses the five RI/FS primary bal ancing criteria:

° Overall protection of human health and the
envi ronnent ;
° Conpl i ance with applicable or relevant and

appropriate requirenments (ARARs);

| mpl ement ability;

Reduction of toxicity, nobility or vol une;
Short term effectiveness;

Cost; and

Ef f ecti veness.

Appendi x J includes a treatability study scope of work.
Addi tional information required includes a description of a
typical treatability unit, data to be collected fromthe unit,
met hods to anal yze data, and procedures for extrapol ati on of
this data for either the system design and or the operation of
a full scale unit.

Three levels of treatability studies exist which are:
remedi al screening, renedial selection and renedi al design.
Renedi al screening treatability studies establish the ability
of the technology to treat a waste and typically, have a | ow
cost ($30,000 in 1994 dollars). Renedial selection
treatability studies identify technol ogy performance for a
specific site and require higher precision with increased
QA QC for sanple handling and anal ysis. Renedial design
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treatability studies provide quantitative perfornmance, cost
and design information for a specific thernmal desorption unit.
Renedi al screening treatability study tests provide the
followng information: tenperature, treatnent tines, initial
contam nant concentration, and treated contam nant
concentration. Selection type treatability studies provide
the followng information: expected full scale through put,
mat eri al handling system design requirenents, air pollution
control system design requirenents, and requirenents for air
pol lution control neasures during excavation, preparation and
handl ing (Cross/ Tessitore and Associates, P. A, 1993).

Each of the three levels of treatability studies nmust be
i ncorporated into both the project schedul e and budget at the
onset of a renediation project. Initiation and planning of
treatability studies can begin as early as the site
characterizati on phase of a project and continue through the
t echnol ogy screening and into the renedi al design phase of a
project. However, treatability studies are not required when
data on sim |l ar applications of the technology is avail able
(Cross/ Tessitore and Associates, P. A, 1993).

The |l evel of quality assurance (QA) and quality control
(QC) increases accordingly throughout the treatability studies
process. Since the renedial screening phase of a treatability
study is concerned primarily with the ability of a technol ogy
to treat a waste, analytical requirements are focused on
representative indicator paraneters (such as npbst conmon
contam nant or nost hazardous). Renedial selection
treatability study analytical requirenments will require nore
stringent QA QC requirenents. QA/QC requirenents during the
remedi al selection testing could require duplicate or
triplicate analysis to confirmreproducibility and
verification of nmeeting established cleanup goals
(Cross/ Tessitore and Associates, P. A, 1993). For nore
specific information regarding data quality and quality
control, refer to ER 1110-1-263 Chem cal Data Quality
Managenment for Hazardous WAste Renedial Activities and CEGS
01450 Contractor Chem cal Data Quality Control

Thermal desorption treatability studies can be conducted in
either a laboratory or field setting. Laboratory equi pnent
avai l able for |aboratory treatability studies includes nmuffle
furnace equipnment and rotary quartz kiln applications.

Muffl e furnace equi pnent provide a rudi nentary genera
determ nation of the ability of thermal desorption to
adequately treat a specific waste stream whereas rotary
quartz kiln applications are nore suitable for the renedial
selection |level of treatability studies. O her types of
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t hermal desorption equi pment which can be used for
treatability studies include static tray tests, differential
bed reactors (DBR), fixed bed reactor, rotary kiln simulators
whi ch depending on site specific concerns, could be used for
on-site pilot scale denonstrations (Cross/ Tessitore and
Associ ates, P. A, 1993).

Typically, the treatability study objective determ nes the
sanpling and analysis requirenents during a thermal desorption
treatability study. Prior to any treatability study activity,
a site specific sanpling plan consisting of sanple |ocation,
depth, collection techni que and honogeni zati on procedures
should be in place. Treatability sanpling of identified hot
spots is typical if the treatability study is focused on
testing the technology ability to handl e worst case
contam nant concentrations. Conposite sanples (average
sanples for an entire site) are collected when the test
objective is determne the ability of the technology to treat
a representative honbgenous waste (Cross/ Tessitore and
Associ ates, P. A, 1993).

Treatability studies are primarily conducted to reduce the
uncertainties discussed in the previous paragraph. Typically
testing can be perforned by using bench scale or pilot scale
techni ques. Bench scale testing is usually perforned in a
| aboratory, in which conparatively small vol unes of
contam nated nmaterial are tested for individual paraneters.
Presented below is a description of different types of
treatability studies.

5.1 Bench Scale Tests. Thernmal desorption bench-scal e data
is generally used to establish the viability of the technol ogy
to treat various contam nated materials. The data wll also
provi de sone approxi mate cost information and operating
conditions for the technology. Positive bench scale test
results indicate that a technology is feasible, subject to
scal e-up and materials handling limtations. Negative results
are generally inconclusive; Additional pilot scale testing is
general ly necessary to confirma technol ogy's effectiveness
and/ or provide design data if it is selected for

i npl enent ati on.

Typi cal goals of the bench scale treatability study would
be to:

o Make an initial determnation of the ability of the

technol ogy to reduce concentrations under site-
speci fic conditions;
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o Provide initial input into the determ nation of
energy and utilities requirenents for full scale
operations; and
° Provide initial input into system design paraneters,

such as required solids retention tinmes and
t enperat ures, thereby maki ng possible estimtes of
treatnent rates and cl ean-up cost estinates.

The results of these tests should establish the
effectiveness of thernal treatnment to reduce concentrations of
the contam nants in the soil under |aboratory conditions and
the likely operating conditions necessary to achieve this
renoval .

Bench scal e test equi pnment used for thermal desorption
include a muffle furnace, or rotary quartz kil n/tube.
Conceptually, small quantities of the soil sanples wll be
exposed to a contam nated material of tenperature and
residence tinmes in a rotary quartz kiln tube or muffle
furnace. These tenperatures and residence tines represent
operational range typical of commercial thermal desorption
systens. Treated soils wll then be analyzed to determ ne the
effectiveness of the treatnent. Paraneters to be determ ned
in conparing treated versus untreated soils would be:

[ Concentrations of individual contam nants; and
° Loss of total organics.

Rotary quartz tube kilns are al so used as bench scal e
devices for thermal desorption applications. This system
utilizes a rotary batch quartz kiln, a drive notor, and
tenperature controls. Soil sanples are placed into a rotating
quartz kiln while the tenperature of the nediumis uniformy
mai nt ai ned by a tenperature control system Process gases
generated fromthernmal desorption unit processes are passed to
a thermal oxidation unit, condensers or a carbon adsorption
colum. Data such as tenperature, retention tine, system
pressure and process gas conposition can be nonitored and
recorded during bench scale testing (Hazen Research
I nc., 1994).

Advant ages of using rotary quartz tube kiln devices for
t hermal desorption bench scale testing include the foll ow ng:
simulation of soil mxing and system turbul ence (found in
rotary dryer applications); nmeasurable, controllable and
recordabl e tenperatures and retention tines throughout
testing; and process gas conposition and em ssions can be
determ ned and anal yzed (Qui nn Process Equi pnent, 1994).
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Muf fl e furnace devices used for bench scale testing offer
significant initial cost advantages (the cost of nuffle
furnace equi pnent (~$2000- 3000 in 1994 dollars) is
significantly cheaper than a rotary quartz tube kiln system
(~$17000 to 20000 in 1994 dollars), however data generated
froma rotary quartz kiln test is typically nore conplete and
representative of full scale treatnent, allowing for better
estimates of treatnent costs, tines and tenperatures.

5.2 Pilot Scale Tests. Pilot scale tests are intended to
simul ate the physical and chem cal paraneters of a full scale
process. The volune of soil required for a pilot scale unit
is much greater than that for a bench scale tests. Pilot
scale tests are intended to serve as a practical testing
approach for full scal e operation.

Pilot units operate in a manner as simlar as possible to
the operation of a full scale system Mst contractors of
thermal desorption units have pilot scale systens which are
used to determ ne the design and operation criteria for a
successful system operation. Exanples of information provided
frompilot scale testing include:

o Effects of m xing on the system
° O f-gas em ssions expected fromthe system and
° Actual power requirenents for the system

The Waterways Experinent Station (WES) has a pilot scale
thermal screw that may be avail abl e.

6. Treatability Test Run. A treatability test run utilizing
a rotating quartz kiln system can substantiate the sel ection
of thermal desorption as the remedi ati on process. Results of
a treatability test run can include information regarding

mat eri al s handling, feed systens, tenperature, retention tine,
system pressure, and process gas conposition. A rotary quartz
kiln systemallows for the soil sanple tenperature to remain
uniform Process gases exit the kiln to either a therma

oxi dation unit, condensers or a carbon adsorption colum for
deconposition or collection of vaporized contam nants.

6.1 Treatnent Tenperature. As discussed in the previous
par agr aph, the thermal desorption treatnent tenperature is a
function of several paraneters:

Particle size of the soil;

Moi sture content;

Heat capacity of the soil;

The tenperature range which the organics wll
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desorb; and
o The heat transfer and m xi ng characteristics.

As the solids progress through the reactor, they are
processed in the foll ow zones:

o WArm ng Zone - soil is heated to the boiling point
of water 100°C (212°F);

o Drying Zone - soil is maintained at 100°C (212°F)
until the noisture has evaporat ed;

° Heat Up Zone - soil is heated from 100°C (212°F) to
the target treatnent tenperature; and

° Hol di ng/ Treat nent Zone - soil is processed at or

above the target tenperature to desorb the organic.

It is inportant to renenber that the energy required to
heat the soil will be substantially greater than heating only
the water (w thout evaporating it) contained in the soil.

6.2 Residence Tine. Residence tine for soils in a thermal
desorber systemis a function of the shape of the treatnent
unit, rotational speed of the soil conveyor (shell or auger)
and the angle of the treatnment unit (U S. EPA, 1994, EPA/ 540-
594/501). Typically, soil residence tinmes range from3

m nutes to over an hour (U. S. EPA 1994, Troxler, et. al.
1993). Based upon results generated fromtreatability
studies, information such as tinme of treatnent and
correspondi ng tenperature to neet clean up levels for
particul ar contam nant(s) can be included in the contract
speci fications.

6.3 O ganic Renoval Efficiencies. Organic renoval
efficiencies of the thermal desorption test run are cal cul ated
using the foll ow ng equation:

Organic Renoval Efficiency (% =

1- (Organic Concentration after Treatnent) x 100%

(Initial Oganic Concentration before
treat ment)

where organi c concentrations are expressed as a dry wei ght
basi s.

Renoval efficiencies are typically greater at high

tenperatures; at |ow tenperatures, renoval efficiency is
dependent on the volatility of the organic conpound.
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Resi dence tinmes required are al so reduced at higher
t enper at ures.

6.4 Corrosive Effects on Selected System Corrosive effects
on a selected thermal desorption system are dependent on the
type of purge gas used (oxidative or inert), on the type of

t hermal desorption systemutilized (direct fire or therma
screw), and on the contam nants present in the soil.

Typically, conmbustion gas fromthe burner of a direct fire
unit serves as a purge gas. The allowable organic content of
the soil in a direct fire systemis limted due to the excess
oxygen contained in the purge gas and the potential of
supporting conbustion within the unit. Thermal screw systens
operating with an inert gas such as nitrogen can treat soils
and sludges with higher organic concentrations due to limted
presence of oxygen to support conbusti on.

Cont ami nated materials containing chlorinated and
fluorinated hydrocarbon as contam nants can create
hydrochl oric and hydrofluoric acids during treatnment. The
acids wll devel op because of the volatilization of sulfides,
chlorides and fluorides and evaporation of soil noisture in
the unit causing corrosive damage to the carbon stee
structures present within the treatnent unit.

6.5 Energy Input Required. Energy input required for a
thermal treatnment desorption treatability test run is energy
required to heat the thermal device used to sinulate therma
desorption unit (oven, furnace, incinerator, asphalt m xing

pl ant) and energy requirenent for the off gas collection

devi ce (hood, vent, vacuun). Power requirenents for hoods and
vents conprising the off gas collection device are directly
related to the product of the fluid pressure loss nmultiplied
by the volunetric flowrate for the systemin watts (ft-
Ib/mn). The relationship is valid provided the volunetric
flowrate and pressure | oss are determ ned at the sane
conditions wwthin the off gas collection device. Fans provide
required energy to nove gas and air through the hoods of the
collection system Fan performance is indicated on "fan
curves" which identify the relationshi ps between airfl ow,
static pressure delivered, nechanical efficiency, and brake
hor sepower (Cooper and Alley, 1986).

Energy input required for a full scale thermal desorption
treatnent systemis a function of operating tenperature,
retention tinme, type of system (direct fire, indirect fire, or
thermal screw) and the extent of air pollution
control /em ssions equi pnent present on a full scale system
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6.6 Suitability of Treated Materials for Backfill or Di sposal
Pur poses. The use of thermally treated materials for backfil
purposes is primarily a function of the nateri al
characteristics, specifically, in the case of soils, the USCS
Soil Cassification and noi sture content. The nost suitable
soil type for use as backfill would be those coarse grained
soils (SW SP, SM SC) with | ow noisture content because of

m ni mal pretreatnment requirenents and good heat transfer
characteristics. Materials not suitable for backfill would be
fine grained soils M, OH M, CL, and Pt. These materials
woul d reduce system capacity due to particulate carry over
(U.S. EPA, 1994a).

Specifics regarding suitability of soils for desorption,
backfill operations, USCS Soil C assification, and soils
stabilization/solidification can be found in the foll ow ng
Arny Corps of Engi neers Docunents:

CEGS 02228 Renedi ation of Contam nated Soils and Sl udges
by I ncineration

CEGS 02445 Solidification/ Stabilization of Contam nated
Mat eri al

ETL 1110-1-158 Treatability Studies for
Solidification/ Stabilization of Contam nated Materi al

TM 5-818-1 Soils and Geol ogy Procedures for Foundation
Design of Buildings and Other Structures (except Hydraulic
St ructures)

TM 5-818-4 Backfill for Subsurface Structures

6.7 Presence of Volatile Metals. Volatile nmetals such as
arsenic, nmercury and |l ead may be renoved fromthe soils during
thermal desorption treatability test run. Recovered
particul ate and organics froma treatability test run can
contain elevated concentrations of volatile nmetals such as
mercury, arsenic and lead. The treated soils may contain
concentrated | evels of netals due in part to the volune |oss
as a result of volatilized organics. Soil treatnment may
increase the leachability of netals and the potential for
failure of the toxic characteristic |eachate procedure (TCLP)
anal ysi s.
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